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dRecently there has been new interest in the tricuspid valve,as different research identified late tricuspid regurgita-
tion, often a consequence of uncorrected lesion during sur-
gery, as a determinant of poor clinical outcome and even of
higher late mortality.1,2
However, it is still not clear when, at the first operation, func-
tional tricuspid regurgitation has to be corrected. In most of the
surgical articles, the decision to perform tricuspid valve (TV)
repair duringmitral valve (MV) surgery was left to the surgeon’s
discretion or even was not specified.2-5 The 2008 American
Heart Association/American College of Cardiology guidelines6
suggested to perform TV annuloplasty in patients with severe
tricuspid regurgitation (TR) requiring MV surgery for MV dis-
ease (class IB); TV annuloplasty for TR less than severe shouldbe
indicated in patients undergoingMV surgery having pulmonary
hypertension or tricuspid annular dilation (class IIB). The Euro-
pean Society of Cardiology (ESC) guidelines7 suggested to per-
form TV annuloplasty in severe TR undergoing left-sided valve
surgery (class IC) and in moderate TR with dilated annulus
(maximum systolic tricuspid annulus, TA, 40 mm, 4-cham-
er view) in patients undergoing left-sided valve surgery (class
IA, level C).
A different surgical vision was presented by Dreyfus and
oworkers,8 who suggested performing tricuspid annulo-
plasty regardless of the grade of trisupid regurgitation, when
the tricuspid annular diameter was greater than twice the
normal size (70 mm). The measurement of TA diameter
(distance between the anteroseptal commissure and the an-
teroposterior commissure) was performed in the operative
field, when the right atrium was vertically opened, using a
simple ruler. Our group9 based the decision to perform TV
nnuloplasty on the preoperative echocardiographic TA sys-
olic dimensions, as TR happens in systole. We found in a
ohort of 20 volunteers a median systolic TA value of 24 mm
ith a maximum of 28 mm; thus, we decided to perform TV
nnuloplasty in all cases of moderate-to-more TR and in the
ase of mild functional TR when systolic TA was higher than
4 mm. The results of our study demonstrated that patients
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doi:10.1053/j.optechstcvs.2011.06.002ith systolic TA24 mm, who did not undergo TV annulo-
lasty besides MV surgery, did not show any increase of TR
rade, at least in the mid term, whereas most of the untreated
atients who showed moderate TR grade or more in the
ollow-up had preoperative systolic TAwithin the range of 25
o 28 mm. The rate of untreated patients having preoperative
ild TR and systolic TA24mm, whose TR was impaired to
oderate or more at follow-up, was 10%.
However, the tricuspid valve is not only annulus, but also
eaflets, chords, and papillary muscles, the position of which
epends on the right ventricle size and function. Today, sur-
ical strategies are directed mainly to the annulus or to the
nnulus and the leaflets, as in the Kay technique.10 Other
techniques, addressed to the leaflets, can be interesting in
selected cases, as the edge-to-edge technique (associatedwith
a rigid incomplete ring or a flexible band)11 or leaflet aug-
entation.12 These techniques, not yet standardized, are
sed mainly when there is excess chordal tethering, with
ncreased coaptation depth of the tricuspid valve (the dis-
ance between the annular plane and the point where the
eaflets coapt). This latter concept, not yet well investigated,
as introduced by Fukuda and coworkers,4 who considered
cut point for increased early failure rate of the annuloplasty,
.8 mm, for late failure 5 mm, lower than the 10 mm iden-
ified for the mitral valve. Interestingly, these authors found a
orrelation between early postoperative ejection fraction
36.6% and late failure of TV repair, reinforcing the concept
hat annuloplasty alone will not prevent TR return as a con-
equence of LV failure, which will cause right ventricle (RV)
ontinuous remodeling. The strict relationship found in the
eft system (MR return for left ventricular remodeling) was
ound in the RV, where, however, causes of remodeling are
ultiple, intrinsic, or extrinsic to the RV itself.
Furthermore, the association between annular size and TR is
ot completely clear. In an interesting study, Sadeghi and co-
orkers13 reported 27 patients with pulmonary thromboembo-
ism who had severe pulmonary hypertension and severe TR.
hey underwent surgery without TV annuloplasty. In 19 pa-
ients (70%), the pulmonary pressure dropped by a mean of 49
m Hg and TR was reduced to mild. In the remaining 30% of
atients, TR remained severe; pulmonary pressure reduced to
2 mm Hg, less than in the other group. Interestingly, in both
roups the annular size remained nearly unchanged (4-mm re-
uction between pre- and postoperative echocardiograms) and
imilar (41 mm in the first group and 42 mm in the second
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Tricuspid valve repair techniques 87group in the postoperative assessment). We can deduce that,
even if the annulus remains dilated, this does not prevent TR
reduction, but the mechanisms related to RV reverse remodel-
ing, following pulmonary artery pressure (PAP) reduction of
different degrees, aremore important than thepure annular size.
Oppositely, the impact of pulmonary hypertension on se-
verity of TR, a concept that can be easily inferred by the
previous study, is not always clear. In a recent echocardio-
graphic evaluation of 2139 subjects with pulmonary hyper-
tension, Mutlak and coworkers14 found that TR was only
ild in almost 65% of subjects with PAPs 51 to 69 mm Hg
nd 46% of those with PAPs70 mmHg. Other factors, and
mong them RV remodeling was one of the most important,
ere at the basis of the onset of more severe grade of TR.
Unfortunately, as the mechanism of functional TR does not
well only in the annulus, the surgical techniques usually ap-
lied, mainly directed to annular reduction, have fluctuating
esults. The RV geometry seems to be predominant in the out-
ome of early and late results after TV repair, but its modifica-
ions are often unpredictable, as its positive remodeling depends
n multiple factors not always related to the surgical technique
pplied. As no technique in use today addresses the RV geome-
ry, we are aware that the results of TV repair are not constant
Figure 1 Anatomic view of the tricuspid valve. The annu
more than the posterior. The suture line, both in De Veg
(the anteroseptal commissure, AS commissure) and end
portion of the septal leaflet included from CS and the pos
of the right ventricle. P1, P2, and P3 represent the papill
as in the mitral valve apparatus. AP  anteroposterior.nd are by far less predictable of the results of MV repair.Tricuspid valve annuloplasty can be performed using a
uture, a strip of autologus pericardium, by means of an
ncomplete ring implantation, rigid or flexible (band), 3D
haped or planar. The procedure described by De Vega in
97215 consists of a double-layer suture annuloplasty starting
twice from the anteroseptal commissure and ending twice at
the level of the posteroseptal commissure. The final orifice
was gauged by means of 2 fingers. The surgical technique for
incomplete ring or band is roughly the same. The interrupted
sutures start at the level of the anteroseptal commissure and
end at the level of the posteroseptal commissure or at differ-
ent levels of the septal annulus.
The conundrum of annular reduction for functional TR is
how much the annulus has to be tightened. We prefer to
remodel the annulus over a no. 25 sizer, which provides a
circumference of 78.5 mm,16 but this value is largely at the
urgeon’s discretion. When a band annuloplasty is used, the
ame concept is followed.17 The constant length of the band
is 50 mm; as the sutures stop at the level of the coronary
sinus, what remains is the short distance between the points
A and B (Fig. 1), roughly 30 mm.
We herein describe the 2 surgical techniques of tricuspid
nlarged. The anterior and septal leaflets are represented
e annuloplasty and in band annuloplasty, starts from A
(in front of the origin of the coronary sinus, CS). The
ptal commissure (PS commissure) is part of the free wall
scles, which are not as constant in number and positionlus is e
a sutur
s in B
terose
ary muannuloplasty, which we constantly use in our experience.
88 A.M. Calafiore and M. Di MauroOperative Technique
Figure 2 De Vega suture annuloplasty. The pledgeted suture (2-0 Ti-cron) starts from the anteroseptal commissure and
ends in front of the origin of the coronary sinus.
Tricuspid valve repair techniques 89Figure 3 After the first suture line is completed, a second line is started close to the first one, to be ended again at the level
of the coronary sinus, in such a way that the 2 suture lines are superficial or deep alternatively. The differences with the
original technique described by De Vega15 are mainly 2. The first is the suture, as we do not use a monofilament suture,
which can cut the annulus, causing the “guitar chord sign,” but a 2-0 or 3-0 polyester suture. The second is where the
suture ends. We go over the posteroseptal commissure to the septal annulus in front of the coronary sinus, including
the entire free wall of the right ventricle, avoiding further annular dilation in this part of the annulus.
90 A.M. Calafiore and M. Di MauroFigure 4 Both needles of the same suture are passed into a pledget.
Tricuspid valve repair techniques 91Figure 5 A cylindrical sizer no. 25 (or a bigger sizer, according to the surgeon’s preference) is positioned inside the
tricuspid annulus and the suture is tied to be adapted to the sizer itself.
92 A.M. Calafiore and M. Di MauroFigure 6 The final result shows a tricuspid annulus reduced in the part of its circumference related to the free wall of the
right ventricle (from point A to B, long distance, Fig. 1).
Tricuspid valve repair techniques 93Figure 7 Flexible band annuloplasty. The interrupted sutures (2-0 Ti-cron) start at the same point as in Fig. 2.
94 A.M. Calafiore and M. Di MauroFigure 8 The sutures end in front of the origin of the coronary sinus.
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Tricuspid valve repair techniques 95Conclusions
How to repair functional tricuspid regurgitation is still a
work in progress. Techniques at our disposal are mainly
addressed to the annulus, and De Vega suture annulo-
plasty and band annuloplasty are the most used. The de-
cision to perform a De Vega procedure or a ring–band
implantation is more often related to the single surgeon’s
choice. We reported an echocardiography-based decision-
making to establish whether De Vega is indicated or not. In
the case of a moderate-or-more functional tricuspid regur-
gitation (FTR) grade with systolic TA up to 28 mm, De
Vega was indicated, whereas the band was implanted for
systolic TA dimensions higher than 28 mm. In the case of
mild FTR, De Vega was performed with systolic TA 25 to
28 mm and the band was implanted when systolic TA was
Figure 9 A 50-mm band (SMB50; Sorin, Saluggia, Italy)
ence of a no. 25 sizer, as in Fig. 3. The distance not cove
a no. 25 sizer is 78.5 mm).higher than 28 mm.9 uNowadays, there is more sensibility toward the correction
of TR, at least moderate in grade, even if, sometimes, any
grade of TR is corrected. Our group demonstrated that, in
patients with functional MR, untreated less-than-moderate
functional TR provided better 5-year survival and survival in
New York Heart Association class I-II than untreated moder-
ate-or-more functional TR.1 Contrarily, comparing patients
ith functional MR and moderate-or-more functional TR,
reatment of FTR with De Vega suture annuloplasty limited
he incidence, at follow-up, of residual FTR 3/4 or 4/4 and
rovided better survival and survival in New York Heart As-
ociation class I-II.2
Results from TV annuloplasty are still not perfect, as the
ventricular component is, today, not addressed by the tech-
niques commonly used.18 As persistent RV dilation means
ncreased tethering on the TV leaflets, TV annuloplasty fail-
tioned, to reduce the tricuspid orifice to the circumfer-
sutures is approximately 30 mm (the circumference ofis posi
red byre can be related to lack of RV volume regression or pro-
96 A.M. Calafiore and M. Di Maurogressive RV failure due to TV-related causes or lack of regres-
sion of pulmonary hypertension.
Nevertheless, in most cases suture or band annuloplasty is
enough to assure good mid-term clinical and anatomical re-
sults.
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